Abstract -Mutation induction by gamma radiation has been used to obtaining plants with chromosome alteration. However, most times the use of higher dosages makes unfeasible the survival of the mutants and consequently their perpetuation. The use of radiosensitizing compound allows that smaller dosages can be applied increasing the chances of mutants survival. In this work we verified the radiosensitizing effect of metronidazole through cytogenetical analysis and its potentiality to produce plants with chromosome alterations without viability loss. Maize seeds were pre-soaked in five concentrations of metronidazole and then submitted to four radiation dosages. Part of the seeds was used for cytogenetical analysis and another planted for survival analysis to obtain M2 seeds. Cytogenetical analysis showed a radiosensitizing effect of metronidazole mainly in the dosages of 30 and 60 Gy. At 90 Gy, the harmful effect of the radiation hindered the analysis of the radiosensitizing effect. The alterations found in M1 reappeared in M2, indicating that those abnormalities are not in their totality due to somatic origin. The use of a radiosensitizing compound can be useful tool for mutant production in plants.
INTRODUCTION
Mastering the techniques of induction of altered chromosome complement, constitute a useful tool to obtain basic material for chromosome manipulation and genetic analysis (GORLA et al. 1987 , FUKUI et al. 1992 , WEBER 1994 , THOMAS 1995 .
In this context, numeric or structural chromosome rearrangements, natural or induced, constitute potential source of amplification of genetic variability and the establishment of new genic groups (JONES 1994) . These rearrangements are produced mainly by physical agents and gamma radiation, which is the most important one (KOEBNER and HADFIELD 2001; KUNZEL et al. 2001; RIERA-LIZARAZU et al. 2000; VICCINI and CARVALHO 2000) .
Several factors affect the radiation response such as the genotype of individuals, (PEREZ-TA-LAVERA 2000; SINGH 2000; KHARKWAL 2000) ploidy level (REDDY and BINUMOL 2000) , the moisture of the irradiated material (VICCINI et al. 1997a; AWLAHAT and KAPOOR 1997; LATHA and NAIR 1999) and the oxygen level (CONGER et al. 1966; KILLION and CONSTANTINI 1972) . In addition, the literature has emphasized mainly the radiation dosage (SANTOS 1993; LATHA and NAIR 1999; IOSHIHIDE and ATSUO 1998) , as well the presence of some chemical substances (VICCINI et al. 1997b; PACINI et al. 1999 , PASUPATHY et al. 2001 .
Some substances, when applied together with the radiation can act as a radiosensitizing or radioprotectors (HALL 1982) . Substances which act as radiosensitizing constitute an important option to facilitate the production of chromosome altered plants since, in their presence lower dosage radiation can be applied, increasing plant survival (SIDERIS et al. 1973; DIXIT and DUBEY 1986; OLEJNICZAK 1986; SANTOS 1993) .
Among the more known radiosensitizing substances, some drugs such as metronidazole, misonidazole (RO-0582), (HALL 1982) , sanazole (AK-2123), (PASUPATHY et al. 2001) , sodium azide (AS) (MONTALVAN and ANDO 1998), diethyl sulfate (DES), ethyl-metane sulfonate (EMS) (KUMAR and DUBEY 1998) and some timine analogous such as 5-Brdu, 5-Cldu (GREER et al. 2001) are the most important ones.
In plants, many studies have reported the production of plant with chromosome alteration using gamma radiation, but there are few studies about the cytogenetic effects of the radiosensitizing substances. These few studies have evaluated mainly morphological characters, and not the radiosensitizing effect of these substances on chromosomes. Root meristems, which are active proliferative tissues, present high sensitivity to genotoxic effects of physical and chemical reagents, and are particularly good candidates for cytological studies (ZAKA et al. 2002) .
The tricominoacid metronidazole is known by its radiosensitizing effect, which is noted when higher concentrations are appllied (HALL 1982) . Although it has been found in the literature reports about the radiosensitizing effect of metronidazole on external morphology and fertility (VICCINI et al. 1997b) , there have not been any studies evaluating chromosome damage.
The aim of this study is to evaluate the radiosensitizing effect of metronidazole in maize through cytogenetical analysis and to verify the potentiality to produce plants with chromosome alteration without viability loss.
MATERIAL AND METHODS

Plant material and irradiation
Maize seeds of breeding line L-SRR-D-86-19 UFV were soaked during 24 hours in five metronidazole concentrations: 0; 1.5; 2.0; 2.5 and 3.0%. Later they were exposed to 0, 30, 60 and 90 Gy of gamma rays emitted by Co 60 source (Phoenix Model) with 2,0 cm of diameter. The dose rate was 62 cGy/min. Part of the treated seeds were planted in field conditions. The M1 plants were self pollinated to obtain the M2 seeds. The remainder M1 seeds were used for cytogenetic analysis.
Cytogenetic analysis
M1 and M2 seeds were germinated in Petri dishes with a film of destilled water, in the dark at 30ºC. Roots about 1 cm were fixed in methanol: acetic acid solution (3:1) for at least 24 hours and then were submitted to enzymatic maceration (Pectinex Novo Nordisk) at 34 ºC for 3 hours. The slides were prepared by the air drying technique (CARVALHO and SARAIVA 1993) and stained with 5% of Giemsa solution. For mitotic analysis, the percentage of abnormal anaphases was evaluated. For meiotic analysis, M2 seeds obtained through self-pollination from M1 plants were planted to obtain immature inflorescences. Anthers whose cells were in pachytene, diakinesis, anaphase I and metaphase I were selected and fixed in methanol/acid acetic (3:1) solution. Slides were prepared by the air drying technique (CARVALHO and SARAIVA 1993) and stained with Giemsa 5% solution.
For each treatment used, we analyzed three individuals, counting at least 300 cells in anaphase for mitotic analysis. At meiosis, 300 cells in pachytene, diakinesis, metaphase I and anaphase I were also evaluated.
Field analysis
In M1 generation, 48 seeds per treatment were planted in a random complete block design. We analyzed the percentage of surviving plants 60 days after planting and the percentage of sterile plants. Plant sterility was evaluated taking in to consideration the occurrence of abnormal tassels and tassels with empty anthers. In M2 generation the number of planted seeds varied according to the production of M1 plants. In this generation we observed plant morphology and fertility.
Statistical analysis
Statistical analysis for cytogenetic alterations was verified by regression analysis (p<0,01). For survival data (30 and 60 Gy dosages) the signal test (p<0,01) was applied.
RESULTS
Cytogenetic analysis
Cytogenetic analysis of M1 generation, revealed the occurrence of anaphases with bridges and fragments (Fig. 1a, b) Toxic effect of metronidazole was not observed. When it was applied alone, the percentage of alteration was similar to that observed in its absence (Fig. 2a ).
Radiosensitizing effect of metronidazole was observed for 30 and 60 Gy of gamma radiation and it was possible to verify an increase in the percentage of abnormal cells as the metronidazole concentrations increased (Fig. 2b , c).
When we compared the percentage of chromosome alterations at 30 and 60 Gy, it was possible to verify that the percentage of alterations at 3% and 30 Gy was bigger than the percentage of chromosome alteration at 60 Gy in absence of metronidazole and that the percentage of surviving plants at 30 Gy was bigger than the other one (Table 1) .
Considering the dosage of 90 Gy, the increase of the abnormalities with an increase of metronidazole concentration was not much accentuated ( Fig. 2d) . At this dosage, even in the absence of the metronidazole, the percentage of abnormal anaphases was high, indicating the drastic effect of the radiation and hindering the radiosensitizing effect of the metronidazole.
The chromosome alterations observed in meristematic cells of M1 generation were also verified in M2, however in lower number. We observed in M2, a quantitative reduction in the number of bridges, since anaphases with more than two bridges were not observed in this generation (Fig. 3a, b) . In addition, at the same radiation dosage in M2 generation, the treatments which contained metronidazole presented a higher percentage of altered cells when compared to the ones that did not contain the substance (data not shown).
The meiotic analysis of M2 revealed the occurrence of chromosome alterations mainly in pachytene and diakinesis stage cells. In pachytene we observed translocations and knob fusion. In diakinesis, the alterations observed were precocious segregation of homologous chromosomes, later condensation of chromosomes, chromosome chain and numeric alterations ( Fig. 4a-c) . We also observed, chromosome bridges in anaphase I. In some individuals, up to 70% of the analyzed cells contained some kind of abnormality.
Field analysis
The number of germinated seeds varied from 20 to 46. In general, we verified a decrease in germination rate as the radiation dose increased. No difference was observed among different metronidazol concentrations when we considered the same radiation dose (data not shown).
No toxic effect of metronidazole was verified, considering that, even when applied alone, (Table 1) . For 30 Gy of gamma rays, we observed a radiosensitizing tendency of metronidazole mainly at 2.5 and 3.0%, once the percentage of plant survival was inferior to the treatment without metronidazole.
It is important to observe that the treatments submitted to 30 Gy presented a percentage of surviving plants superior to the treatments in which 60 Gy was used, and that in a higher concentration (3%), the percentage of chromosome alterations was superior to the 60 Gy treatments without metronidazole (p<0,01). These results constitute an evidence that the use of metronidazole together with radiation can increase the production of chromosome altered carrier plants without viability loss. In higher dosages (60 and 90 Gy), the radiosensitizing effect of metronidazole was not observed, since the effect of these dosages in field conditions practically made unfeasible the survival of plants. In relation to sterility, no toxic effect of metronidazole was observed, once in the absence of radiation, we did not notice an increase in the percentage of sterile plants in metronidazole treatments. Although it was not possible to observe a direct relationship between concentration of metronidazole and radiation dosage, for 30 Gy of gamma rays we observed a radiosensitizing tendency in treatments that contained metronidazole, since the percentage of sterile plants was a little higher than in the control. In general, sterility occurred in the male organ. The sterility analysis at 60 and 90 Gy also suffered, since few plants developed normally and formed reproductive organs. However, at 60 Gy of gamma rays and 3.0% of metronidazole all of the obtained plants were sterile. The high level of sterility observed, can be related to chromosome alterations observed in this generation.
The field analysis at M2 generation showed some morphological alterations in the obtained plants such as shortened internodes, precocious senescence, leaves with altered color, abnormalities in ear formation, stalk flattening and partial male sterility.
DISCUSSION
The damage caused by the use of high radiation dosages was reported by IOSHIHIDE and ATSUO (1998). After irradiating Cosmos bippinatus seeds, they observed that the percent- age of chromosome aberrations was directly proportional to radiation dosage and that in the highest dosages plant development and fertility were reduced.
In our study, the M1 analyses confirm that the use of high dosages is not appropriate for production and perpetuation of chromosome altered plants. It was observed that at higher dosages (60 and 90 Gy), in spite of inducing high percentage of chromosome alterations, the percentage of survival was very low. These results were observed when the radiation dosages were applied individually or together with metronidazole. KUMAR and DUBEY (1998) , also reported the harmful effect of high radiation dosages in combination with DES in Lathyrus sativus. In a higher dose they observed many meiotic abnormalities, pollen sterility, unviable seeds and decrease in the percentage of plant survival. PATRA et al. (1998) using the combination of EMS and gamma rays in Papaver somniferum also reported the efficiency in the combination of physical and chemical mutagenics in the production of mutants. Other effects of physical and chemical mutagenics were obtained by MONTALVAN and ANDO (1998) , that reported the increase of variability for stem length and number of days for maturation in rice (Oriza sativa), after the treatment of seeds with gamma rays and AS.
It is important to note that several authors have emphasized the use of substances such as EMS (MINOT and WERREN 2001) DES (SIERRA et al. 1999) and AS (HAIDUCH et al. 2000) in the production of mutants due to their individual mutagenic effects. However, in our study, the substance used did not show mutagenic and toxic effects in any of the utilized concentrations. So, we can conclude that metronidazole acts only increasing the effect of gamma radiation.
The results obtained in this study suggest that lower dosages of radiation applied together with higher concentrations of metronidazole constitute an interesting procedure for production and perpetuation of chromosome altered plants. When we used the lower dosage (30 Gy) in combination with higher metronidazole concentration (3.0%), it was possible to observe more chromosome alterations than when we doubled the radiation dosage (60 Gy). On the other hand, the percentage of surviving plants was higher in the minor dose (30 Gy). In a general view, the treatments with higher radiation dosages (60 and 90 Gy) showed low percentages of surviving plants, which justify the use of a radiosensitizing compound allowing the use of lower radiation dosages to produce mutants. Similar results were obtained by SANTOS (1993) working with irradiated maize seeds presoaked in mebendazole. Higher radiosensitizing effect was observed in the highest concentration (500mg/100mL) combined with the lower radiation dosage (100Gy). At higher doses we verified problems with plant survival as a consequence of the hard effect of radiation.
Although a reduced number of M2 seeds was produced, mainly in higher doses, it was possible to observe in M2 generations morphological and cytogenetic alterations, which confirm that the induced alterations in M1 are not totally from somatic origin. The persistence of the radiation effects through mitotic divisions and through generations (involving meiosis) may be attributed to an induced genomic instability (ZAKA et al. 2002) . According to WEISSENBORN and STREFFER (1988) , some irradiated cells may conserve their ability to divide, permitting the expression of the alterations in subsequent generations.
Although we observed chromosome alterations in both generations studied, a quantitative reduction in M2 was noted. DAS and ROY (1989) , attributed the higher frequency of abnormalities on the M1 in relation to the M2, due to the process of elimination of abnormal cells. CHIN and GORDON (1989) reported a reduction of the contribution of the paternal genome to a rice progeny (Oriza sativa), as the damages caused by pollen irradiation, indicating that pollen grains carrying chromosome alterations are not necessarily viable. Thus, the pollen grains with minor chromosome alterations or without any alteration are capable to pollinate and consequently to transmit the induced alterations to M2. This fact can justify the lower number of abnormal cells and the occurrence of anaphases with the maximum of two bridges in M2.
The relationship between nuclear abnormalities and sterility suggest that sterility induced by irradiation is mainly a consequence of chromosome aberrations (NISHIMURA et al. 1952) . ZEERAK (1991) observed that the increase of sterility due to an increase in the radiation dosage was in accordance with the increase of translocations and meiotic abnormalities. This fact may explain the occurrence of completely or partially sterile plants at M1 and M2. Similar results were obtained by KUMAR and DUBEY (1998) that reported the occurrence of sterility due to structural chromosome aberration.
The mechanisms of action of radiosensitizing compounds have been discussed mainly in cancer research. Nevertheless there have been few studies about the action of these compounds in plants (OLEJNICZAK 1986 , SANTOS 1993 . According to GREER et al. (2001) , some halogen compounds such as Cldu act destabilizing the DNA molecule. They believe that when the DNA of tumor cells with Cldu is exposed to X-ray, chlorine atoms are formed, allowing the formation of uracil radicals that result in the break of the DNA strand.
According to HALL (1982) , the mechanism of action of some radiosensitizing compounds depends on the oxygen presence. The oxygen is considered the main factor in the induction of many biological damages caused by seed irradiation. Its effectiveness depends fundamentally on moisture content of the seeds. In many dry and irradiated seeds, the oxygen contributes to high frequencies of mutations and aberrations (CONGER et al., 1966) . The exposition of cells to ionizing radiations allows the formation of free radicals that react strongly with oxygen, allowing the appearance of products that can cause damage to the organization of the genetic and molecular material. Compounds such as metronidazole act in a similar way. However they are more effective, because these compounds are metabolized slower than the oxygen and consequently they arrive farther in the biological tissue, reaching higher concentrations in hypoxic cells (HALL 1982) .
The presoaking of seeds used in this study, could have stimulated the processes that lead to germination, allowing a larger intake of oxygen by the cells. The decrease in the oxygen content could cause a radioprotector effect in the cells. Nevertheless, this effect did not occur probably due to the action of the metronidazole, that decreased the radioprotector effect in the absence of oxygen, increasing the radiosensitivity and consequently generating more damage to biological material. VICCINI et al. (1997a) demonstrated that a high moisture content can also intensify the effects of the radiation, suggesting that the water in presoaked seeds can act as radiosensitizing and therefore mask the effect of metronidazole. However, the highest percentage of alteration in treatments that contain metronidazole, when compared to treatments that did not, constitutes evidence of the radiosensitizing action of the compound.
The results here obtained, ratify the first results reported by VICCINI et al. (1997b) , when they studied the radiosensitizing effect of metronidazole in field conditions, and constitute the first cytogenetical evidence of these effects. The use of lower radiation dosages together with higher concentrations of metronidazole constitute an efficient methodology to produce chromosomic altered plants without viability loss. The use of compounds that act in the same way, such as metronidazole can open new possibilities to obtain mutants in plants. WEISSENBORN U. and STREFFER C., 1988 
